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Context: Bone remodeling comprises balanced coupling of bone formation and resorption, and low bone mineral density (BMD)
demonstrates high rates of bone resorption. Osteoporosis is a chronic asymptomatic disease with fragile bones and impending risk of
fractures mediated by minor trauma. Whereas bone mineralization and integrity are determined by calcium and vitamin D, specific
serum markers such as bone specific alkaline phosphatase (ALP) and osteocalcin (OC) play a vital role in bone formation.
Materials and Methods: Serum calcium, vitamin D, ALP, and OC levels were measured in 2,145 Saudi students aged 18-22 years at
Umm Al-Qura University. The BMD was measured by dual-energy X-ray absorptiometry (DEXA), and the findings were statistically
evaluated. The following statistics were utilized in the analysis: the SPSS software was used to record, tabulate, and statistically
evaluate the results.

Results: Low BMD cases accounted for 27.46% of all cases investigated, with considerably higher serum calcium, bone-specific ALP,
and OC levels compared to control cases, but significantly lower serum vitamin D levels. In low BMD instances, there was no
association between serum markers and DEXA findings.

Conclusion: Serum indicators by themselves may be useful for screening and predicting patients at risk of osteoporosis, as well as
assessing treatment response. The combination of serum markers and DEXA measures is more effective in detecting low BMD.
Keywords: bone mass density, osteoporosis, calcium, vitamin D, dual-energy X-ray absorptiometry

Introduction

Bones store calcium and, therefore, are considered the hardest tissue in the body. Bone remodeling means a continuous
change of the structure of bones, and this comprises a tightly balanced process of bone resorption and bone formation.'~*
Low bone mineral density (BMD) results from an imbalance of this coupled process.’

Bone hardness results from the deposition of calcium crystals. The osteoblasts, bone-forming cells, lay down an
unossified boney matrix followed by the deposition of calcium. Therefore, bone rigidity is intimately related to dietary
calcium intake, so inadequate calcium intake stimulates osteoclasts, cells responsible for bone destruction, with
mobilization of calcium from the bones to the blood.*> So long as calcium is a key mineral for bone rigidity, vitamin
D is equally important for bone health as it increases the intestinal absorption of calcium.®” Sun exposure provides more
than 90% of vitamin D requirements as the dietary sources and vitamin D supplementation are extremely limited.®’

Osteoporosis is a chronic asymptomatic, progressive illness characterized by low BMD and bone fragility, which
predisposes to catastrophic bone fractures even with minor trauma. It is also a worldwide health issue because of the
long-term morbidity and medical costs.'®!!

The osteoblasts release certain markers or enzymes during bone formation, such as bone-specific alkaline phosphatase
(ALP) and osteocalcin (OC).'*'* Bone-specific ALP serves for the crystallization of calcium and its deposition in bones;
this process necessitates an alkaline medium. OC represents a reflection of osteoblastic activity and, thus, plays a vital
role in the mechanical properties of bones and also adds to bone mineralization as well.'"*"'® Interestingly, in the most
frequent conditions of low BMD, osteoporosis and osteopenia, there is a high rate of bone formation as a trial to cope
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with the huge bone destruction.'” Osteoporosis has been diagnosed by serum levels of calcium, ALP, and OC for the low
cost and ease of those laboratory methods despite the fact that they are better used to roll out secondary causes of
osteoporosis.*” In the same context, radiological diagnosis of low BMD could be best measured by Dual-Energy X-ray
Absorptiometry (DEXA), which is an enhanced form of X-ray technology. This method is considered a simple, easy, and
non-invasive way to estimate the real content of bone.'®

This study was conducted to measure the reliability of diagnosing low BMD by using serological tests in comparison
to radiological diagnosis by DEXA.

Subjects and Methods

This cross-sectional study was conducted on 2,145 Saudi students aged 18-22 years in Umm Al-Qura University, Holly
Makkah, KSA. From them, 1,084 students were males while 1,061 were females. The participation of the studied cases in
the current study complies with ethical principles of the Declaration of Helsinki for medical research.

Before the study, ethical approval was obtained from the Institutional Review Board (IRB) committee at UQU
[HAPO-02-K-012-2021-02-136]. The participants were oriented about the study purpose, benefits, risks, and their rights
to withdraw from the study.

The study was designed to test the reliability of using a serological marker to diagnose low BMD and whether this
method will give real results as given by the more accurate method, DEXA. Blood samples were collected in plain tubes
left at 37°C, then centrifuged for 5 minutes at 1,500 R/min, and serum samples were separated and stored in —80°C
freezers until the time of measurements.

Some serological markers were measured; serum calcium level (reference range is 8.5-10.5 mg/dL) was measured by
SMAC analysis, an automated colorimetric technique.'® Vitamin D concentration in the blood using the Enzyme
Immunoassay technique, with a reference range of 20-50 ng/mL..*° serum level of bone-specific ALP using the
Enzyme Immunoassay technique with a reference range of 44—147 TU/L,*' and serum level of OC by ELIZA technique
with a reference range of 7-14 ng/mL.*>* Inconsistent results were ruled out that were either too low or too high.

DEXA was used to determine BMD, which was expressed as a T-score. A T-score of —1.0 or higher is regarded as
normal by the World Health Organization (WHO); between —1.0 and —2.5 is considered as osteopenia, while 7-scores of

. . . 242
—2.5 or lower are diagnostic for osteoporosis.***’

Statistical Analysis

Results were recorded, tabulated, and statistically evaluated using the SPSS program version 26 for the mean, standard
deviation, and Chi-square tests. P<0.05 was used to determine the significance of the findings. The serum indicators of
the studied groups were compared using a one-way ANOVA-test, with a P-value of less than 0.05 considered statistically
significant. Following that, using Pearson correlation (r), the findings of serological tests were compared to BMD
assessed by DEXA, and a correlation was found at P<0.05.

Results
A total of 2,145 persons were studied in this study. There were 589 cases of low BMD (27.46%), 282 cases of
osteoporosis (13.15%), and 307 cases of osteopenia (14.31%) (Table 1). The cases of low BMD included 334 female

Table | Distribution of Studied Cases According
to Bone Mineral Density (BMD)

BMD No %

Control 1556 72.54
Osteopenia 307 14.31
Osteoporosis 282 13.15
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students (175 cases of osteopenia and 159 osteoporotic cases) that were significantly higher than 255 male cases (132 of
osteopenia and 123 osteoporotic cases) (Table 2).

DEXA Measurements of Bone Mineral Density

The BMD was expressed as a T-score. T-scores in the control group varied from —0.67 to —0.96, with a mean of
—0.79018. BMD was significantly reduced in cases with osteopenia, ranging from —1.19 to —2.40, with a mean of
—1.960.73. In cases of osteoporosis, the BMD decreased even more, with 7-scores ranging from —2.68 to —3.47, with
a mean of —2.900.11 (Table 3; Figures 1-3).

Serological Results
Serum Level of Calcium
The mean serum calcium level showed a significant difference, so that, in control cases, it was 8.85+0.75 that showed
a significant increase in cases of osteopenia where the mean was 10.85+0.78. A further significant increase was found in
cases of osteoporosis with a mean of 11.66+0.41 (Table 4).

In control cases, there was no link between serum calcium levels and BMD (r=0.068, P-value=0.114), in osteopenia
(r=0.047, P-value=0.207), and also in osteoporosis (1=0.149, P-value= 0.059).

Serum Level of Vitamin D
In control cases, it showed a mean of 29.88+3.41, but a significant reduction was seen in cases of osteopenia, with a mean
of 15.1940.62, and a further significant decrease in cases of osteoporosis, with a mean of 9.81+0.57 (Table 5).

In control cases, a correlation was detected between vitamin D levels in the blood and BMD (r= 0.161,
P-value=0.001) but no correlation was found in cases of osteopenia (r=0.169, P-value=0.059) or osteoporosis
(r=0.161, P-value=0.088).

Table 2 Sex Differences of the Studied Cases

Dove:

BMD Male (N=384) Female (N=331) Chi-square
No. % No % Value P-value
Control 829 38.65 727 33.89 11.810a 0.001*
Osteopenia 132 6.15 175 8.16
Osteoporosis 123 5.74 159 741
Total number 1,084 50.54 1,061 49.46
Note: *P<0.05 was considered statistically significant.
Table 3 Radiological Examination by DEXA
Control Osteopenia Osteoporosis ANOVA
(N=525) (N=101) (N=89) - P
MeantSD —0.79+018 —1.96%0.73 —2.90+0.11 8,968.6 0.000*
Minimum —0.67 —-1.19 —2.68
Maximum -1.00 —2.40 —3.47
Note: *P<0.05 was considered statistically significant.
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Figure | DEXA for normal bone mineral density with T-score=0.4.
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Figure 2 DEXA for a case of osteopenia with T-score=—2.2.
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Figure 3 DEXA for a case of osteoporosis with T-score=—3.1.

Serum Level of Bone-Specific ALP

Control cases showed a mean value of 137.21+8.65, while in cases of osteopenia, there was a significant increase with
a mean of 203.91+£31.29 with a further significant increase found in cases of osteoporosis where the mean value was
312.15£12.19 (Table 6).

Table 4 Serum Level of Calcium (mg/dL) in the Studied Cases

Control Osteopenia Osteoporosis ANOVA
(N=525) (N=l101) (N=89)
F P-value
MeantSD 8.85+0.75 10.85+0.78 11.66+0.41 1,644.5 0.000*
Minimum 7.89 9.39 11.30
Maximum 9.67 I1.41 12.88
Note: *P<0.05 was considered statistically significant.
Table 5 Serum Level of Vitamin D (ng/mL) in the Studied Cases
Control Osteopenia Osteoporosis ANOVA
(N=525) (N=l101) (N=89)
F P-value
MeantSD 29.88+3.41 15.1940.62 9.81+0.57 1,037.5 0.000%*
Minimum 22.76 13.49 891
Maximum 39.58 17.25 12.18

Note: *P<0.05 was considered statistically significant.
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Table 6 Serum Level of Alkaline Phosphatase (IU/L) in the Studied Cases

Control Osteopenia Osteoporosis ANOVA
(N=525) (N=101) (N=89)
F P-value
MeantSD 137.21+8.65 203.91+31.29 312.15%12.19 5,101.6 0.000*
Minimum 17 149 276
Maximum 145 262 332
Note: *P<0.05 was considered statistically significant.
Table 7 Serum Level of Osteocalcin (ng/mL) in the Studied Cases
Control Osteopenia Osteoporosis ANOVA
(N=525) (N=101) (N=89) )
F Sig.
MeantSD 11.913+1.04 18.87+2.15 31.11+4.78 2709.7 0.000%*
Minimum 8.95 15.48 24.79
Maximum 15.09 23.19 43.10

Note: *P<0.05 was considered statistically significant.

In control cases, there was no correlation between serum ALP levels and BMD (r=0.001, P-value=0.974), in cases of
osteopenia (r=0.059, P-value=0.516) and in cases of osteoporosis (r=0.186, P-value=0.090).

Serum Level of OC
The mean value found in control cases was 11.91341.04, while in cases of osteopenia, it showed a significant increase
with a mean of 18.87+2.15. Cases of osteoporosis showed a further significant increase, with a mean of 31.114+4.78
(Table 7).

In control cases, there was a correlation between OC serum levels and BMD (r=0.237, P-value=0.001) while no
correlation was found in either osteopenia (r=0.042, P-value=0.686) or osteoporosis (r=0.049, P-value=0.671).

Discussion

Osteoporosis, which is the severe form of low BMD, is a disorder with no obvious specific symptoms and is usually
misdiagnosed so that accurate dealing with osteoporosis is often reactionary to harmful fractures.”**’ So, accurate
diagnosis of osteoporosis is the key stone for treatment and discovering patients vulnerable to fractures.?**°

This work studies the possibility to use serum markers for early diagnosis of low BMD instead of measuring the bone
minerals by DEXA, which is an accurate simple means of diagnosis but is too costly to be widely recommended and is
not available, especially in poor communities. This study will help to explore the accuracy of serum markers so that
a new reliable and cheap tool for diagnosing such patients may be suggested.

In the current study, the accuracy of certain serological markers; calcium, vitamin D, bone-specific ALP, and OC were
investigated.

The current study revealed that cases of low BMD showed unexpectedly elevated serum calcium levels with no
correlation to BMD. Calcium homeostasis may show variations under different situations so that, under physiological
conditions, bone remodeling involves orchestrated coupling of bone resorption and bone synthesis so that the amounts of
destroyed and newly-formed bones are equal without inflow of calcium from the bones to the serum.**!

On the other hand, although low BMD is always associated with dietary calcium insufficiency, serum calcium level
remains high due to the increased bone destruction and mobilization of calcium from the bones to keep its serum level
within the physiological range at the expense of bone health.**** Calcium delivered to the circulation is continuously

reused by the osteoblasts to maintain the bones as much as possible but, surprisingly, bones are still weak due to their
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continuous resorption.>*>> Therefore, although calcium is the key stone of bone structure, its serum level does not reflect
the state of bone health and might not be used alone as an indicator of low BMD, but may indicate an underlying problem
that may develop to osteoporosis if untreated.**-*

In the current study, cases of low BMD exhibited elevated serum calcium levels while serum vitamin D levels were
far below normal values. It is not surprising that some cases of low BMD may have the same dietary calcium intake as
those with healthy bones, as the underlying cause might be less vitamin D either due to dietary insufficiency or less sun
exposure.>®>” It has been found that vitamin D insufficiency is highly prevalent among the Saudi population, attributed to
poor exposure to sunlight due to the excessive heat which makes sun exposure a real risk of heat stroke.*® Inavailability
of vitamin D reduces the intestinal absorption of calcium and this causes the body to move calcium from the bones.”

Bone turnover markers have been extensively used to study and evaluate bone remodeling in both physiological and
pathological situations and the studies examining their benefits in predicting bone loss are increasing.?*-

The current study demonstrated that cases of low BMD had serum levels of bone-specific ALP widely ranging from
near the upper normal limit to far higher above normal with no correlation with BMD. This might be explained by the
high bone turnover associated with low BMD to keep bone remodeling much nearer to the normal state. Thus, higher
levels of bone-specific ALP are expectedto be a highly specific marker of bone formation.”®*' This is in agreement with
the results of other studies, where serum bone-specific ALP levels reached up to double or triple the normal value.***
Interestingly, some authors proved high serum levels of bone-specific ALP with no disturbance in the bone remodeling
process and this was attributed to hypophosphatasia.***> On the other hand, other studies mentioned low levels of ALP in
patients of low BMD and attributed that to the associated generalized malnutrition, especially for zinc and magnesium, as
zinc raises the activity of ALP while magnesium is an important stimulator of this marker.***’ Moreover, Lumachi

1,*® and Zhou et al,*

eta unexpectedly proved no relationship between serum levels of ALP and BMD.

Therefore, based on the results of the current study beside other studies and due to the wide range of serum levels of
ALP and absence of correlation with BMD, bone-specific ALP might not be considered a reliable marker for the
diagnosis of low BMD.

Regarding the second marker of osteoblastic activity, the current study demonstrated that cases of low BMD had
serum levels of OC near the upper normal limit and increased high above normal values with no correlation to BMD.

A controversy was demonstrated as, while some researchers found significant high serum levels of OC in low BMD
patients, others showed no significant difference compared with normal cases, while other studies surprisingly found low
serum levels in a group of patients diagnosed as osteoporosis.*****° Serum OC, being a dynamic marker of bone
formation, has long been considered specific for high bone turnover and this explains its high levels with low BMD.*
Unlike bone-specific ALP, genetic evidence has proved that OC is produced late in the process of bone mineralization
and, thus, it shares a minor role in the mineralization process.15 16 So, the serum level of OC could not be used alone as
a marker in the diagnosis of low BMD.

Although the high serum levels of bone formation markers indicate newly-formed bones, those bones were found to
be less mineralized which might negatively alter the bone microarchitecture and strength and predispose to the risk of
fracture.*®*

Therefore, serum markers might not be used for the diagnosis of low BMD. Instead, they may be used for prediction
of people at risk of developing fractures, especially in postmenopausal women and for evaluation of the response to
osteoporosis therapy.”®** On the other hand, a combination of these serum markers together with BMD measurement by
DEXA might provide comprehensive information for the diagnosis of low BMD at it early stages.’'>
Finally, the use of serum markers for diagnosis of low BMD needs future research work on a larger number of cases

of different age groups as well as a wider range of ethnic populations.

Conclusion

Serum markers alone, although easy and cheap, might not be used for diagnosis of low BMD, but they may help in screening
purposes and for assessment of the response of the patients to therapy. Instead, accurate diagnosis might be better based on
DEXA evaluation, despite its high cost, and if possible by a combination of serum markers together with DEXA.
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